The analysis of large structures mostly requires a complete three dimensional finite element discretization. Stability of such structures includes not only the stability of structure itself but also that of foundation as well as interconnection elements. The general instability of a structure may be affected by two aspects, firstly, an inappropriate preliminary classical design of the structure and inadequate control over the geometry and quality of the materials used for construction. Secondary, the foundation rock and abutments may contain a number of faults and joints which may be unfavorable to stability of the structure. Therefore it is necessary to consider appropriately the influence of interaction between the structure, foundation and abutments under static and dynamic loads. from construction point of view some of the structures such arch dams are divided into vertical blocks, which are separated by vertical joints which are grouted at the later stage .Since the behavior of such and many other structures whose have contraction joints under static and dynamic loads depends largely on those joints, therefore, the presence of structural codes that can recommend the appropriate specifications on modeling these joints, seems to be necessary. The present study contribution deals with the development of three dimensional finite element software including interfacial behavior of joints between different substructures and interaction behavior of structure and foundation to evaluate the safety of the structure subjected to static and dynamic loads. The developed software is verified upon different points of view and the results are in agreement with experiments.
INTRODUCTION
As it is mentioned briefly in the above section this study deals with the development of three dimensional multi-form elements software which from its specific capabilities is that both interfacial behavior between substructures and interaction behavior between structure and its foundation can be appropriately modeled.
For modeling the first behavior a specially developed generalized joint element adopted in the software that its formulation and specifications have been presented in the later section. The last behavior on the other hand is modeled with considering an elastostatic infinite element that its formulation and characteristics can be seen in the next section. In this article constitutive formulation of the interfacial and infinite elements will be presented and subsequently constructive relationships of the finite element method for analyzing static and dynamic problems are explained. In the forth section the Newmark's algorithm which is applied in the software for solution of dynamic equilibrium will be prescribed.
The briefly software development is mentioned in the seventh section and finally the verification of the software and conclusions are presented.
Proposed discretization:
The following elements are used for the discretization purpose: a. The body of the 3D.structure was modeled by using solid isoparametric brick Elements [1] . b. The rock footing system and the abutment have been modeled using Coupled finite and elasto static infinite elements [2] . c. The interfacial behavior between vertical blocks represented by specially Developed generalized joint element. 
In which [ ] T is the translation matrices which can be defined from equation (2) and directly depends on the form of employed shape functions. Here in the case of the interface element with zero thickness, strains can be expressed as follows:
(4) Note: since the element is mathematically zero thickness hence the strains can be defined as relative displacements. Nevertheless with respect to definition of isoparametric elements we have: 
K nn and K ss are the normal and shear stiffness respectively.
Finally the stiffness matrix for joint element is defined as follows:
Formulation of elasto-static infinite element: Table 1 shows the shape function of an eight node infinite element which is mapped into finite element i.e., -1<ξ<+1 by using expression upon two known decay forms of 1 r and 1 
Where n = Number of nodes per element. The inverse mapping of this element can be expressed using Equation (11) as: 
Where, 
The condition given by Equation (15) indicates that the middle nodes, 5 , 6, 7 and 8 should placed at a distance of twice the distance of nodes 1,2,3,4, respectively, from the reference pole. The values of ξ for all the nodes obtained via equation number (16) are tabulated in Table 2 . Identical expressions can be worked out for η and ζ . The same approach is followed for any other elements with 1 r and 1 r types of decay. 
Finite element analysis and solution of dynamic equations: Since the inception of finite element method in the late fifties, finite element method has been extensively used by structural analysts to tackle a wide range of continuum mechanics problems. The vigorous research activities sustain in this field and the rapid developments of computer hardware have been extended the structural engineering applications of the method to an unpredicted scale.
Complex structures such as arch dams, nuclear power plants, hyperbolic cooling towers etc. can now be numerically analyzed.
Static or quasi static analysis generally neglects the inertial and damping effects while it is largely under the effect of interfacial locations. However when a structure is subjected to time varying loading such as impact, explosive or seismic loading, these effects are certainly important to a truly dynamic analysis that must perform.
In the following section, the finite element formulation, numerical computations of the mass and appropriate damping matrices is discussed .The principal of virtual work establishes that for a body which is in static/dynamic equilibrium, the variation of the summation of internal and external virtual work with respect to kinematical admissible displacement must be equal to zero [1] .
This principal reveals that it can be written as follows:
and the external virtual work is given by:
In which, is the damping parameters and dots denoting the differentiating with respect to time.
The variation of energy equation may finally be written as follows:
From the finite element point of view the above equation can be re-written as:
This equation in matrix form is the known dynamic equilibrium as follows:
Numerical scheme and time marching method: The dynamic analysis of structures involves the solution of the well known dynamic equation of motion and sometimes includes the major effects of vertical interfacial joints.
Where (28) and (29) 
Element library:
The several 3D solid finite (8, 12, 16, 20 nodded ), infinite (8 , 12 ,16 nodded ) and joint elements (8, 12, 16 nodded) can be available in the program are the well known isoparametric types of elements. Each elements or combination of different elements are used in the finite element model with a pre-assigned code number specified by the programmer. In each node of the mentioned elements three translation movements in x, y and z direction of Cartesian space are considered. Furthermore it is worth to say that the ability of combination of 1D and 3D elements is prepared into the software. C matrix were therefore, computed automatically. Furthermore this software can be used for both static and dynamic loads. This may be achieved by entering a code number into the software that assigned kind of interested analysis: NOA=1 (static analysis) and NOA=2 (dynamic analysis).
The procedures followed by the package for each analysis are summarized in Fig. 2 and 3 . 
A. Static phase
Simply supported beam subjected to a static concentrated loads: Figure 4 Show a simply supported beam subjected to concentrated load at its mid span. The Finite Element discretisation along with material and geometrical properties are also presented in Fig. 4 .
The maximum displacement and bending stress evaluated from the present study and classical strength of material are shown in Table 3 . From the Comparison of results has shown that there is a good agreement between the theoretical and calculated results from the present study. Cantilever beam subjected to static axial loads: Figure 5 shows the Finite Element discretization of a Cantilever beam subjected to an axial load at the free end of the beam. Furthermore, to study the joint element behavior under loads acting perpendicular to its plane a joint element has been inserted in the middle part of the beam and then the problem is analyzed for two different normal stiffness values namely: The plot of axial displacements along the length of the beam is illustrated in Fig. 6 . It can be seen from this illustration that for the case I in which the high values of K nn are used there is a continuous curve and axial displacements vary smoothly along the length of the beam. But when low values of K nn is assigned as the case II and III then there is a drop in axial displacement in the location of the interfacial element. Therefore we can see that proposed model has the ability of good prediction of physical behavior of joint materials inserted to the beam. Furthermore to show the agreement between theoretical and obtained results from model the analytical axial displacement of the free end of the beam has been brought here:
For the case III which Cantilever beam subjected to static vertical load at its free end: For study the behavior of proposed successive joint element under loads acting tangential to its plane this verification is considered.
The plot of vertical displacements along the length of the beam is illustrated in Fig. 9 . It can be seen from this illustration that for the case I in which the high values of K ss are used there is a continuous curve and vertical displacements vary smoothly along the length of the beam. But when low values of K ss is assigned as the case II and III then there is a drop in vertical displacement in the location of the interfacial element. Therefore we can see that proposed model has the ability of good prediction of physical behavior of joint materials inserted to the beam.
Furthermore to show the agreement between theoretical and obtained results from model the With comparing this result to that obtained from model in the Fig. 9 it can be seen that there is good agreement between them. A simply supported beam subjected to a concentrated suddenly point load applied at the middle of its span has been analyzed (Fig. 11) . Finite element modeling and geometric properties of this beam as the same we have seen in bench mark test 9.1. 
Cantilever beam subjected to earthquake excitation:
In order to verify the validity of the interface element in time domain, a cantilever beam subjected to earthquake record in z -direction at its support is analyzed. The geometrical, material properties and the finite element discretization of the beam are shown in Fig. 12 .
Also the earthquake record that used for analysis is shown in Fig. 13 .
The displacement time history of the free end nodal point is plotted in Fig. 14 It is clear form this figure that, there is almost identical response of the beam for the case of (i) to (iv), while there is a deviation in response of the beam when case to (iv) are considered i.e. amplitude of vibration increases with reduction in value of k ss .
Application of proposed model to the practical problem:
The numerical example that was elected here is an arch dam type-I, according to U.S.B.R classification with constant thickness and radius shown in Fig. 15 .
Material properties of the dam and its supporting system are as follows:
